Pitx2 prevents osteoblastic transdifferentiation of myoblasts by bone morphogenetic proteins.
Muscle cells are often exposed to bone morphogenetic proteins (BMPs) in pathological muscle and/or bone conditions. Because BMPs function as strong bone inducers as well as myogenesis inhibitors, certain molecules likely prevent muscle cells from converting into pathologic bone; without these molecules, de novo bone would form as observed in myositis ossificans traumatica. When C2C12 myoblasts are exposed to BMPs, they differentiate into osteoblastic cells but cannot mature into bone cells. As the Osterix gene, a transcription factor for osteoblast differentiation, is only transiently induced upon BMP stimulation in C2C12 cells, we hypothesized that unknown transcriptional repressor(s) inhibit Osterix expression and prevent complete osteoblastic differentiation. Gene microarray analyses were performed to identify putative inhibitors for osteoblastic differentiation, and the paired-like homeodomain transcription factor Pitx2 (also termed Rieg), which plays an important regulatory role in left-right asymmetry, was identified. Pitx2 was induced 2 days after BMP stimulation in C2C12 cells in concert with Osterix down-regulation. Overexpression of Pitx2 repressed Osterix expression and subsequent osteoblastic differentiation, whereas Runx2, the most upstream regulator of osteogenesis, was unaffected. Conversely, the induction of short hairpin RNA for Pitx2 in C2C12 cells enhanced Osterix expression and osteoblastic maturation upon BMP stimulation. Moreover, mouse embryonic fibroblasts containing myoblasts from Pitx2-null embryos showed enhanced Osterix expression upon BMP stimulation. These findings suggest that Pitx2 suppresses osteogenic signals induced by BMPs in myoblasts to prevent their osteoblastic conversion.